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ABSTRACT

Previously, a synbiotic combination of probiotic Lactobacillus gasseri 505 (LG) and a new prebiotic,
Cudrania tricuspidata leaf extract (CT) in fermented milk, designated FCT, showed an in vitro
immunomodulatory effect and antioxidant activity. Although synbiotic combination might have
cancer-protective effects, these activities have not been fully validated in vivo. Ten-week treatment
of LG, CT, or FCT to azoxymethane (AOM)/dextran sodium sulfate (DSS)-induced colitis-associated
colorectal cancer (CAC) mouse model reduced both the incidence of colonic tumors and damage to
the colonic mucosa effectively, suggesting a cancer-protective effect. To understand these, bio-
markers associated with inflammation, colon barrier, apoptosis, and cancer cell proliferation were
monitored in AOM/DSS group versus LG/CT/FCT groups. A synbiotic combination (FCT) down-
regulated pro-inflammatory cytokines (TNF-a, IFN-y, IL-1B, and IL-6) and inflammation-associated
enzymes (iINOS and COX-2), and up-regulated anti-inflammatory cytokines (IL-4 and IL-10). In
addition, colon barrier experiment revealed that biomarkers of mucus layer (MUC-2 and TFF3)
and tight junction (occludin and ZO-1) were up-regulated. Subsequent apoptosis experiment
showed that pro-apoptotic factors (p53, p21, and Bax) were up-regulated and anti-apoptotic factors
(Bcl-2 and Bcl-xL) were down-regulated. Furthermore, comparative metagenome analysis of gut
microbiota revealed that Staphylococcus decreased but Lactobacillus, Bifidobacterium, and
Akkermansia increased, supporting their protective effects, accompanied by increased short-chain
fatty acids (SCFAs). Taken together, the FCT administration showed cancer-protective effects by
reducing the risk of colitis-associated colon cancer via regulation of inflammation, carcinogenesis,
and compositional change of gut microbiota. Consequently, the synbiotic combination (FCT) could
be a novel potential health-protective natural agent against CAC.
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Introduction

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer but has the second highest mortal-
ity rate." Chronic inflammation has been suggested
to be one of the hallmarks of cancer development.
CRC is known to be strongly associated with chronic
inflammation, which can be present from the early
stage of tumor onset.’” Thus, inflammatory bowel
disease (IBD), including ulcerative colitis and
Crohn's disease (CD), can increase the risk of devel-
oping a type of CRC referred to as colitis-associated
cancer (CAC).? Epidemiological studies have
reported that IBD patients exhibit a two- to eightfold
higher CRC risk, and the incidence of CRC can be
effectively ameliorated by anti-inflammatory

medications.*” Although anti-inflammatory medi-
cations (e.g., non-steroidal anti-inflammatory drugs
(NSAID) and selective COX-2 inhibitors) can reduce
IBD-related CRC formation, there are limitations for
their long-term use because of life-threatening side
effects.® The demand for more effective and safer
natural agents to prevent colon cancer has, therefore,
increased. Consequently, it is essential to explore
alternative approaches to managing IBD and help
prevent inflammation-associated colon cancer.

The main cause of IBD may be associated with
a combination of inflammation factors, including
inherited genetic host susceptibility, composition of
host gut microbiota, unbalanced immune response,
and oxidative stress.” However, their mechanisms
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remain unknown. Among them, oxidative stress
may cause neutrophils to overproduce colonic oxi-
dants, including reactive oxygen species (ROS),
which may contribute to intestinal tissue damage
by mucosal inflammation, causing IBD.® To sub-
stantiate this, a previous report showed that super-
oxide dismutase overexpression in Lactobacillus
gasseri revealed an anti-inflammatory effect on,
and recovery of, colonic tissue in an Interleukin-
10 (IL-10)-deficient mouse model of colitis, alle-
viating IBD symptoms.” Therefore, it may be
important to develop safe and natural agents har-
boring antioxidant activity for further scientific
evaluation as a novel approach against IBD and
even CRC. In particular, probiotics, prebiotics,
and their combinational synbiotics may be a new
therapeutic approach against IBD as safe and nat-
ural agents.” For example, combining resistant
starch and Bifidobacterium animalis subsp. lactis
showed a protective effect in an azoxymethane
(AOM)-induced rodent model of CRC.!® A recent
report suggests that proper modulation of gut
microbiota, by ingesting specific probiotics, may
help prevent tumor formation.'' Furthermore,
ingesting prebiotics, which is defined as host non-
digestible food ingredients, are fermented by spe-
cific beneficial intestinal microbes. They are known
to be beneficial to the host by stimulating probiotic
bacteria growth, suggesting that they may change
human gut microbiota composition. Therefore,
they were suggested to help specific probiotics for
CRC prevention.'” Based on this, it is necessary to
find proper probiotics and/or prebiotics with
strong antioxidant activity and to confirm their
activities with in vitro and in vivo experiments.

L. gasseri 505 (LG) was preliminarily isolated from
a healthy infant fecal sample but little grew in milk."
In addition, a Cudrania tricuspidata leaf extract (CT),
which is a new plant-based prebiotic source, success-
fully enhanced the specific growth of L. gasseri 505 in
milk, showing pH lowering effect.">'* Interestingly,
the fermented milk improved antioxidant activity
through a synbiotic milk fermentation by
a combination of L. gasseri and CT."> A subsequent
experiment revealed that fermenting CT and milk by
L. gasseri 505 produced specific phenolic compounds
and bioactive peptides with antioxidant activities.
Their structures and amino acid sequences were iden-
tified using LC-MS/MS and MALDI-TOF/MS,

respectively."” To verify the immune response’s mod-
ulation activity, RAW 264.7 macrophages were trea-
ted with fermented milk with synbiotics of L. gasseri
505 and CT; several cytokines were evaluated, show-
ing in vitro immunomodulatory effects.'® However,
the probiotics, prebiotics, and synbiotic combinations’
preventive effects against IBD-associated inflamma-
tion have not yet been explored in in vivo models.

In this study, we aimed to investigate the cancer-
protective effect of fermented milk with a synbiotic
combination of L. gasseri 505 and CT (designated
FCT) in a CRC mouse model induced with AOM/
dextran sodium sulfate (DSS). We examined several
colon barrier function markers, inflammation,
apoptosis, the cell cycle, and the regulatory path-
ways involved in colon cancer development to
understand the possible action mechanisms.
Furthermore, metagenome analysis, using high-
throughput microbial 16 S rRNA gene sequencing,
was used to better understand the effects of FCT on
the relationship between microbial metabolism and
colon cancer.

Results
General responses of colon

FCT’s preventive effect on colon carcinogenesis was
examined using an AOM/DSS-induced CAC
model. DSS administration reduced the weight of
mice in all groups (Figure 1(b)). However, the LG,
CT, and FCT groups showed a protective effect on
weight loss from DSS treatment compared with the
AOM/DSS control group. Among them, the FCT
group showed a slightly higher protective effect on
weight loss at Week 11. Furthermore, the AOM/
DSS control group had notable shortening of the
colon compared with the untreated normal control
group. However, LG, CT, and FCT significantly
prevented AOM/DSS-induced colonic shortening
(Figure 1(c-d) and Figure S1(a)). All mice in the
AOM/DSS group had colon tumors, but treatment
with LG, CT, or FCT suppressed neoplastic devel-
opment. Among them, the FCT group showed the
highest suppressive effect in colon tumor cells
(Figure 1(e) and Figure S1(b)). To clarify this, the
H&E-stained colon tissues were histologically
examined to observe colonic inflaimmation and
mucosal injury in mice (Figure 1(f)). Tissue
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Figure 1. Tumor development with AOM/DSS in mice and recovery of the AOM/DSS-induced colitis-associated colorectal cancer (CAC)
mouse model with L. gasseri 505 (LG), C. tricuspidata leaf extract (CT), and fermented CT by L. gasseri 505 (FCT). (a) Experimental
procedure for development of the AOM/DSS-induced CAC model and sample (LG, CT, or FCT) administration. Mice were given a single
intraperitoneal (i.p.) injection of AOM (10 mg/kg) and then received 2.5% DSS in the drinking water for one week, followed by two
weeks of regular drinking water for recovery; this treatment cycle was repeated three times. The sample (LG, CT, or FCT) was
administered orally in the CAC mice for 10 weeks. (b) Change of average body weight (g) of the mice in the groups; control mouse
(Con), AOM-DSS-induced CAC mouse (AOM/DSS), LG, CT, and FCT. (c) A photograph for measuring and comparing colon lengths of the
groups at Week 11. (d) A graph of average colon lengths in the groups at Week 11. (e) Occurrence of colon tumors in the groups. The
data present the mean + standard deviation (SD). Asterisks denote significance vs. AOM/DSS group by one-way ANOVA (*p < .05,
**p < .01, ***p < .001). (f) H&E staining of representative histological sections of colons from the groups (200 x magnification).
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Figure 2. Immune response of the mouse colon by treatment of AOM/DSS and administration of LG, CT, and FCT. (a) mRNA
quantification of pro-inflammatory cytokines (TNF-a, IFN-y, IL-1B, and IL-6) and anti-inflammatory cytokines (IL-4 and IL-10) using Real-
Time RT-PCR. (b) Determination of protein productions of the inflammatory cytokines using ELISA. (c) mRNA quantification of iNOS and
COX-2 using Real-Time RT-PCR. (d) Determination of protein productions of iNOS and COX-2 using Western blot analysis. The mRNA
level was normalized with an mRNA level of GAPDH, and the protein production was normalized with B-actin. The data present the
mean + standard deviation (SD). Asterisks denote significance vs. AOM/DSS group by one-way ANOVA (*p < .05, **p < .01, ***p <.001).
The abbreviations of Con, AOM/DSS, LG, CT, and FCT represent the control mice, AOM-DSS-induced CAC mice, L. gasseri 505,
C. tricuspidata leaf extract, and fermented CT by L. gasseri 505, respectively.

sections from representative areas of the colons of
normal control group mice showed intact surface
epithelia, intestinal glands, stroma, and submucosa,
whereas the AOM/DSS control group mice showed
evidence of distorted crypt epithelia and extensive
mucosal damage. In contrast, the dysplasia and
structural disruption were reduced in the LG and
CT groups compared to the AOM/DSS control
group, whereas treatment with the FCT group
showed evidence of relatively well-preserved crypt
structures and further improvements in histological
features (Figure S1(c)). Dysplasia and adenocarci-
noma development were rarely observed in the
FCT group.

Regulation of inflammatory responses

Inflammatory molecules are involved in the various
processes that occur in colitis-associated colon
carcinogenesis.” To elucidate the inflammatory
response in AOM/DSS-induced CAC mice, various

pro- and anti-inflammatory cytokines were mea-
sured in colon tissues in mRNA and protein level.
The mRNA expressions of pro-inflammatory cyto-
kines, such as tumor necrosis factor-a (TNF-a),
Interferon-y (IFN-y), IL-1f, and IL-6, increased
significantly in the AOM/DSS control group com-
pared to the normal control group (Figure 2(a)).
However, their mRNA expressions were gradually
reduced in the LG, CT, and FCT groups. In parti-
cular, mRNA expressions in the FCT group were
highly suppressed up to a level similar to the nor-
mal control group. In contrast with this result, the
mRNA expressions of anti-inflammatory cytokines,
such as IL-4 and IL-10, decreased significantly in
the AOM-DSS control group (Figure 2(a)).
However, their mRNA expressions gradually
increased in the LG and CT groups and were high-
est in the FCT group. This inflammatory response
suggests reduced inflammation of AOM-DSS-
damaged tissue cells, via the stabilization of inflam-
matory response to the AOM/DSS-untreated



group, compared to the AOM/DSS-untreated nor-
mal control group. Quantification of specific cyto-
kines using ELISA showed the same patterns in
regulation of production and secretion of pro-
and anti-inflammatory cytokines via inflammatory
response in AOM-DSS-damaged tissue cells, sup-
porting this result (Figure 2(b)).

The inducible nitrogen oxide synthase (iNOS)
producing nitric oxide (NO) is stimulated by pro-
inflammatory cytokines, suggesting that iNOS
induction is associated with host immunity, and the
produced high level of NO could provide host cell
toxicity and damage with its free radical.'” In addi-
tion, inhibition of COX-2 (cyclooxygenase-2) is
related to suppressed inflammation and pain
relief."® While mRNA expressions of iNOS and
COX-2 in colon tissue were the highest in the
AOM/DSS control group, treatments of LG, CT,
and FCT gradually reduced their mRNA expressions
(Figure 2(c)). Interestingly, FCT treatment of AOM/
DSS-induced CAC mice reduced mRNA expres-
sions, which were similar to those of normal control
group, suggesting that FCT treatment could reduce
colon tissue cell damage and suppress inflammation.
The finding was substantiated with subsequent
experiments for protein quantification using
Western blot analysis, which showed similar patterns
of protein production levels of iNOS and COX-2 in
all groups. This result may be also associated with
reduced pro-inflammatory cytokines after FCT treat-
ment (Figure 2(b, d)).

Recovery of colon barrier in AOM/DSS-induced CAC
mice

Tight junctions are known to have a vital role in
maintaining cell-to-cell integrity, and their loss is
important in the pathophysiology of a variety of gas-
trointestinal disorders such as IBD, irritable bowel
syndrome, and even CRC."” Therefore, mucin-
associated proteins (MUC2, oligomeric mucus gel-
forming protein; TFF3, mucin-associated peptide tre-
foil factor 3) and tight-junction structural proteins
(occludin and zonula occludens-1 (ZO-1)) were mea-
sured in mRNA and protein levels. Their mRNA
expressions were significantly suppressed in the
AOM/DSS control group compared to the normal
control group. However, their mRNA expression
levels rapidly recovered and were even higher than
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the normal control group, suggesting the mucosal
layer and tight junction recovered from damage with
AOMY/DSS (Figure 3(a)). In particular, the FCT group
showed the highest mRNA expression level in MUC2,
occludin, and ZO-1. The subsequent protein quanti-
fication showed the same results (Figure 3(b)). This
result suggests that FCT treatment protects the epithe-
lial barrier by recovery or even enhancement of
mucus- and tight junction-associated proteins in
AOM/DSS-induced CAC mice.

Enhancement of apoptosis and suppression of
tumor cell proliferation

Uncontrolled proliferation and avoidance of apop-
tosis are considered common events during colon
carcinogenesis. To elucidate apoptosis regulation in
the tumorigenesis of colon tissue using LG, CT, and
FCT, changes in mRNA expressions and protein
production in apoptosis-associated and anti-
apoptosis markers were monitored. The mRNA
expressions of apoptosis-associated markers, such
as p53, p21, and Bax, were suppressed in the AOM/
DSS control group but gradually increased in the
LG, CT, and FCT groups (Figure 4(a)). In particu-
lar, FCT treatment significantly increased mRNA
expressions at the highest level, which was much
higher than those of the normal control group.
However, mRNA expressions of anti-apoptosis
markers, such as Bcl-2 and Bcl-xL, gradually
reduced in the LG, CT, and FCT groups, suggesting
enhanced apoptosis for colon carcinogenesis sup-
pression (Figure 4(a)). Their Western blot analysis
results showed the same protein production pat-
terns in the LG, CT, and FCT groups (Figure 4(b)).

In addition to the apoptosis-associated response,
mRNA expression and protein production of
tumor cell proliferation-related markers, such as -
catenin, NF-kB, and IkB-a, were measured in the
colon tissues. B-catenin is a key signaling molecule
for colon carcinogenesis, and NF-kB is
a transcription factor that induces gene expression
for tumor cell proliferation. However, IkB-a blocks
specific DNA binding activity of the NF-kB tran-
scription factor.”® Treatment of LG, CT, or FCT to
AOM/DSS-induced CAC mice revealed that the
mRNA expression and protein production of f-
catenin and NF-«B reduced significantly compared
to the AOM/DSS control group (Figure 4(c)).
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Figure 3. Recovery of mucus- (MUC2 and TFF3) and colon barrier-associated (occludin and ZO-1) proteins from the colons of the AOM/
DSS-induced CAC mice by L. gasseri 505 (LG), C. tricuspidata leaf extract (CT), and fermented CT by L. gasseri 505 (FCT). The
abbreviations of Con and AOM/DSS represent the control mice and AOM-DSS-induced CAC mice, respectively. (a) mRNA quantification
of MUC2, TFF3, occludin, and ZO-1 using Real-Time RT-PCR with respect to the mRNA level of GAPDH for normalization. (b)
Determination of the protein productions using Western blot analysis compared with B-actin production for normalization. The
data present the mean + standard deviation (SD). Asterisks denote significance vs. AOM/DSS group by one-way ANOVA (*p < .05,

**p < .01, ***p < .001).

However, those of IkB-a gradually increased as
expected. Therefore, FCT treatment may suppress
tumor cell proliferation or colon carcinogenesis by
inducing cell cycle arrest and apoptosis in the
tumorigenesis of colon tissue of the mice.

Changes of microbial community structure

Administration of LG, CT, and FCT was predicted
to change gut microbiota composition in AOM/
DSS-induced CAC mice. To evaluate this, fecal
samples were collected from Weeks 1, 6, and 11,
and the collected samples were used for metagen-
ome analysis of gut microbiota composition.
During the first collection of fecal samples in
Week 1, no AOM/DSS was treated and no LG/
CT/FCT were administrated. Metagenome analysis
of all groups showed they had similar gut micro-
biota composition in Week 1 (Figure 5(a)).
However, subsequent metagenome analysis in
Week 6 showed that the gut microbiota composition
in all groups was quite different from Week 1,

suggesting that these changes may be due to feed
change with AIN-76, AOM/DSS treatment, and LG/
CT/FCT administrations. In particular, compositional
change of gut microbiota in the normal control group
between Weeks 1 and 6 may be due to only feed
change because there was no AOM/DSS treatment
and no LG/CT/FCT administration, suggesting that
feed change may have an important factor in the
change of gut microbiota composition in Week 6. In
addition to feed change, AOM/DSS treatment and
LG/CT/FCT administration showed additional com-
position changes in other groups (Figure 5(a)).
Previously, it was shown that AOM/DSS treatment
induced loss of body weight, shortening of colon
length, and even CAC by gut inflammation
(Figure 1). Based on this, AOM/DSS treatment in
Week 6 showed significant increments of
Staphylococcus in the AOM/DSS control group
(Figure 5(a)). Further, 16 S rRNA full sequence ana-
lysis showed that the major species of this
Staphylococcus are S. lentus and S. sciuri, which may
be associated with inflammatory diseases.”’ However,
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Figure 4. Effects of dietary L. gasseri 505 (LG), C. tricuspidata leaf extract (CT), and fermented CT by L. gasseri 505 (FCT) on the colon
tissues of the AOM/DSS-induced CAC mice by determination of pro-apoptosis (p53, p21, and Bax), anti-apoptosis markers (Bcl-2 and
Bcl-xL), and tumor cell proliferation markers (3-catenin, NF-kB, and IkBa). (a) mRNA quantification of the apoptosis markers using Real-
Time RT-PCR. (b) Determination of the protein productions of the apoptosis markers using Western blot analysis. (c) Determination of
the protein productions of the tumor cell proliferation markers using Western blot analysis. The mRNA level was normalized with the
mRNA level of GAPDH, and the protein production was normalized with -actin. The data present the mean + standard deviation (SD).
Asterisks denote significance vs. AOM/DSS group by one-way ANOVA (*p < .05, **p < .01, ***p < .001).

LG, CT, and FCT administrations gradually reduced
Staphylococcus composition, suggesting that they may
reduce gut inflammation in Week 6. This result is
consistent with previous results regarding pro-
inflammatory cytokines, substantiating reduced
inflammation by FCT (Figure 2). In addition, LG,
CT, and FCT administrations increased the composi-
tions of  Lactobacillus,  Akkermansia,  and
Bifidobacterium in these groups. Subsequent 16 S
rRNA full sequence analysis in LG, CT, and FCT
groups revealed that major species of this
Lactobacillus are L. gasseri, L. reuteri, and L. murinus,
which may be associated with anti-inflammation
(Figure 5(b)).>**** Previous administration of
L. gasseri to AOM/DSS-induced CAC mice reduced
pro-inflammatory cytokines in LG and FCT groups
(Figure 2). Therefore, compositional changes of gut

microbiota from Week 1 to Week 6 by LG, CT, and
FCT administrations suggest reduced gut inflamma-
tion. Furthermore, compositional increment of
A. muciniphila and B. animalis in the gut may be
beneficial for gut microbiota recovery in AOM/DSS-
induced CAC mice (Figure 5(b)).

While bacterial compositions of the normal con-
trol group and the AOM/DSS control group were
very similar between Week 6 and Week 11, those of
other groups of LG and FCT changed, especially
those of Staphylococcus and Lactobacillus (Figure 5
(a)). Staphylococcus compositions in the LG and
FCT groups of Week 11 were much lower than
those of Week 6, suggesting that daily administra-
tion of L. gasseri to only these two groups may
inhibit Staphylococcus growth in the gut. The high
proportions of Lactobacillus in the bacterial
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Figure 5. Effects on changes of gut microbiota composition in mice by treatment of AOM/DSS and administration of L. gasseri 505 (LG),
C. tricuspidata leaf extract (CT), and fermented CT by L. gasseri 505 (FCT). (a) Compositional analysis of mouse gut microbiota in the
groups at Weeks 1, 6, and 11 using 16 S rRNA full sequencing. (b) Compositional analysis of representative beneficial bacteria in mouse
gut, Lactobacillus, Bifidobacterium, Akkermansia, and Lactococcus at Week 1, 6, and 11. (c) Principle coordinates analysis (PCoA) plot of
the groups at Weeks 1, 6, and 11 with the weighted Unifrac distance matrix.

composition of these groups support this hypoth-
esis (Figure 5(a)). However, Staphylococcus compo-
sition in the CT group did not change, probably
because CT treatment without L. gasseri adminis-
tration may be limited to inhibiting Staphylococcus
growth via propagation of L. gasseri (Figure 5(a)). It
is noteworthy that L. gasseri composition increased
gradually in the sampling periods of Weeks 1, 6,
and 11 (Figure 5(b)). Previous inflammation and
CAC-associated results in this study suggested that
the population of L. gasseri with CT supplementa-
tion may be a key factor for anti-inflammation and
even CAC (Figure 1, Figure 2). Therefore, compo-
sitional change of gut microbiota by FCT adminis-
tration, such as increments of anti-inflammatory
Lactobacillus as well as reduction of pro-
inflammatory Staphylococcus in FCT group, may
play an important role in anti-CAC effects.
Additional Principal coordinates analysis (PCoA)
plot analysis also supports the hypothesis that
change in gut microbiota composition for anti-
inflammation and anti-CAC effects may be due to

feed change and LG/CT/FCT administration
(Figure 5(c)). Consequently, FCT administration
to AOM/DSS-induced CAC mice may be the most
effective treatment for anti-inflammation and
even CAC.

Modulation of fecal SCFA concentrations

SCFA is produced by intestinal microbiota, espe-
cially lactic acid bacteria as well as bifidobacteria,
which play an important role in maintaining healthy
gut microbiota and preventing intestinal disease.**
Administration of LG/CT/FCT to AOM/DSS-
induced CAC mice previously showed increments
of Lactobacillus, Bifidobacterium, and Akkermansia
in this study, which have been known as SCFA-
producing bacteria.’> To verify this, subsequent
SCFA analysis revealed that the administration of
LG/CT/FCT increases acetate, propionate, and buty-
rate in their groups in Weeks 6 and 11 (Figure 6).
Among them, FCT administration to AOM/DSS-
induced CAC mice in Week 11 showed maximum
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Figure 6. Measurement of short-chain fatty acids (SCFAs), acetate, propionate, and butyrate, in the collected fecal samples using GC-
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AOM-DSS-induced CAC mice, L. gasseri 505, C. tricuspidata leaf extract, and fermented CT by L. gasseri 505, respectively.

production. Because it was previously reported that
SCFA production inhibits the growth of some patho-
gens in the gut,”® LG, CT, and especially FCT may
suppress the growth of specific pathogens in the
mouse model. Previous metagenome analysis of gut
microbiota result showed reduced Staphylococcus in
gut microbiota composition (Figure 5(a)), suggesting
that the relative increment of those specific gut bac-
teria and their SCFA productions may be responsible
for Staphylococcus suppression. Consequently,
results of the metagenome analysis and SCFA ana-
lysis confirmed that FCT administration is the best
for stimulating specific gut bacteria growth and their
SCFA production in AOM/DSS-induced CAC mice;
therefore, FCT might play an important role in sup-
pressing inflammation-associated bacteria.

Discussion

While the main causes of inflammatory diseases such
as IBD and CRC have been suggested to include
genetic disorders, unbalanced immune response, and
gut microbiota dysbiosis, the oxidative stress by ROS
overproduction may be one of the important factors in
the development of inflammatory diseases.””*° To
reduce this oxidative stress, previous papers suggested
that probiotics and/or prebiotics might be effective via
modulation of gut microbiota.’>" According to this
suggestion, an L. gasseri 505 (LG) was selected as a new
probiotic strain, due to its antioxidant activity, and
a C. tricuspidata leaf extract (CT) was used as a natural
prebiotic source, which is specific for L. gasseri. Milk
fermentation with LG and CT revealed pH a lowering

effect and specific growth stimulation of LG by CT."
In particular, this fermented milk with the synbiotic
combination (FCT) showed antioxidant activity with
bioactive peptides from {-casein and phenolic com-
pounds from CT." In addition, subsequent cytokine
assay with FCT showed a synbiotic immunomodula-
tory activity. Consequently, it was previously con-
firmed through in vitro assays that FCT provides two
major activities, antioxidant activity by secondary
metabolites after fermentation and immunomodula-
tory activity by immune response via inflammatory
cytokines.'® Those FCT activities may help reduce
inflammation, IBD, and even CRC. Previous recent
papers also suggested another mechanism on intest-
inal repair by anti-oxidative and cytoprotective activ-
ities that Lactobacillus can mediate ROS production by
NADPH oxidase in. This ROS activates Nrf2 xenobio-
tic pathway and this pathway mediates beneficial anti-
oxidative and cytoprotective effects to drive intestinal
repair.’>>> Although this new mechanism was not
evaluated in this study, it may be necessary to investi-
gate this hypothesis in near future.

To evaluate FCT’s protective effects in vivo, it was
administrated to AOM/DSS-induced CAC mice.
AOM and DSS are genotoxic and non-genotoxic
colonic carcinogens, respectively. Their combination
led to colitis-related carcinogenesis development
through inflammation of colon cells.** In addition,
subsequent optimization of the combination revealed
that continuous administration of low concentrations
of DSS with a dose of AOM results in powerful
tumor-promoting activity.”> This method was used
to develop an AOM/DSS-induced CAC mouse
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model in this study. Administration of LG/CT/FCT to
AOM/DSS-induced CAC mice during 10 weeks led to
gradual increases in body weight and colon length, as
well decreased the number of tumor cells, compared
with the AOM/DSS control group, suggesting the
recovery of damaged colon cells by LG/CT/FCT.
The histology results support this recovery action by
LG/CT/ECT. This recovery action of damaged colon
cells following AOM/DSS treatment has been also
reported in other publications.*®**

Colonic inflammation has been suggested to be
an important factor for developing IBD and even
CRC.” Therefore, its prevention may be a good
strategy for suppressing IBD and CRC in the
colon. Homeostasis of Thl and Th2 cells is a key
for regulating inflammation. Pro-inflammatory
cytokines, IFN-y and IL-1pB, stimulate maturation
of naive CD4 + T cells to Th1 cells. Then, Th1 cells
increase the production of IFN-y and TNF-a. This
IFN-y suppresses Th2 cell proliferation. Because of
this interaction, stimulation of Th1 cells and sup-
pression of Th2 cells increases the Th1/Th2 ratio,
probably related to inflammation. On the contrary,
IL-4 stimulates the maturation of naive CD4 + T
cells to Th2 cells. Matured Th2 cells increase IL-4
production and suppress Thl cell proliferation by
IL-4 and IL-10. This stimulation of Th2 cell and
suppression of Th1 cells reduces the Th1/Th2 ratio,
probably alleviating inflammation. Therefore, to
restore the Th1/Th2 balance, it is necessary to
reduce pro-inflammatory cytokines, such as IFN-
y> TNF-a, IL-1pB, and IL-6, as well as to increase
anti-inflammatory cytokines, such as IL-4 and IL-
10.* In addition to the reduction of Th1/Th2 ratio
as an anti-inflammatory cytokine, IL-4 drives
switch of Ig class to IgG and IgE. IgG is the main
antibody and it protects the body from infections
by various pathogens and neutralizes toxins.
However, IgE plays an essential role in Type
I hypersensitivity, associated with various allergic
diseases including asthma and atopy. Therefore, it
was suggested that overproduction of IL-4 may be
associated with atopy via IgE production.*!
Furthermore, IL-4 suppresses Thl cell prolifera-
tion, suggesting that it also has anti-inflammatory
action in the Th1-driven inflammation. In addition
to the balance of Th1/Th2 ratio, AOM/DSS treat-
ment causes colon tissue damage and it induces
cytokine productions by neutrophil, monocyte,

and macrophage.** After colon tissue damage, like
T and B cells, these cells produce cytokines includ-
ing TNF-a, IL-1B, and IL-6, causing inflammatory
cell infiltration. Therefore, total cytokines are pro-
duced from T cell, B cell, and these three other cells.
In this study, total cytokines from colon tissue were
measured and these pro-inflammatory and anti-
inflammatory cytokines were compared to under-
stand the inflammatory responses to AOM/DSS,
LG, CT, or FCT treatment.

In this study, AOM/DSS treatment of normal mice
increases pro-inflammatory cytokines and decreases
anti-inflammatory  cytokines  (Figure 2(a-b)).
Previous observations of shortened colon lengths
and tumor cell proliferation may be associated with
this (Figure 1(c-e)). However, administration of LG,
CT, and FCT to AOM/DSS-induced CAC mice
showed opposite directions in production of those
cytokines (Figure 2(a-b)), which was probably asso-
ciated with recovered colon length and reduced the
number of tumor cells (Figure 1(c-e)), suggesting the
anti-inflammatory effect of LG, CT, and FCT in the
mouse model. Based on this result, AOM/DSS treat-
ment provoked colonic carcinogenesis in mice, prob-
ably due to breakdown of the balanced Th1/Th2 ratio,
but administration of LG/CT/FCT ameliorates this
symptom by restoring homeostasis of the Th1/Th2
ratio. Recent papers reported the same results in the
mouse models with colitis.*>**

Inducible nitric oxide synthase (iNOS) is an
enzyme that produces nitrogen oxide (NO) from
L-arginine. This NO reacts with superoxide (O,"),
which produces peroxynitrite (ONOO™).* This inter-
mediate compound acts as oxidative stress to damage
intestinal epithelial cells via DNA cleavage, lipid per-
oxidation, thiol oxidation, and carbohydrate degrada-
tion, causing inflammation.””** Therefore, iNOS
regulation is important for controlling inflammation
in the intestinal epithelial cells. To regulate mRNA
expression and its protein production of an iNOS
gene, pro-inflammatory cytokines, such as ILI1-q,
IFN-y, and TNF-a, induced mRNA expression of
the iNOS gene and its protein production. However,
anti-inflammatory cytokines, such as IL-4 and IL-13,
inhibit mRNA expression as well as protein produc-
tion, suggesting that inflammatory cytokines are
involved in regulating iNOS production.”®”" In addi-
tion, it is well known that cyclooxygenase-2 (COX-2)
converts arachidonic acid to prostaglandin (PG),



which is a mediator for pain, inflammation, and
fever.”” In particular, NSAIDs including aspirin, inhi-
bit COX-2’s enzyme activity to reduce the bioconver-
sion of arachidonic acid to PG as painkillers.”
Therefore, inhibiting COX-2’s mRNA expression
and protein production is an important key to prevent
epithelial cell inflammation. In this study, while
mRNA expressions as well as protein productions of
iNOS and COX-2 were induced by AOM/DSS treat-
ment, administration of LG/CT/FCT gradually inhib-
ited their mRNA expressions as well as protein
productions in AOM/DSS-induced CAC mice, sug-
gesting that LG, CT, and FCT could reduce colonic
inflammation by inhibiting iNOS and COX-2
(Figure 2(c-d)). The associations of iNOS and COX-
2 with epithelial cell inflammation have been con-
firmed experimentally in other studies, even though
they work in different ~mechanisms for
inflammation.”**

The mucus layer and the epithelial tight junction
are important for regulating mucosal permeability
for ions, nutrients, and water as the intestinal
barrier.”®”” This tight junction consists of a multi-
protein complex forming a selectively permeable
seal between adjacent epithelial cells. This interacts
with intestinal microbiota, food components,
intestinal fluids, mucosal layer, intrinsic nerves,
and even immune system components for its
regulation.”®> Oligomeric mucus gel-forming pro-
tein (Mucin-2, MUC-2) and mucin-associated pep-
tide trefoil factor 3 (TFF3) have been known as
main component proteins of the mucin layer,
related to the epithelial tight junction.”*** The
multi-protein complex is composed of claudin,
occludin, tricellulin, and junction adhesion mole-
cule as transmembrane proteins. Their intracellular
parts interact with cytoplasmic peripheral mem-
brane proteins such as zonular occludens (ZO-1,
~2, and -3) and cingulin.®>*® These proteins inter-
act with F-actin and myosin II in epithelial cells to
control contraction and barrier loss of tight
junction.®” In particular, this barrier loss has been
suggested to be responsible for various intestinal
diseases. The barrier dysfunction is regulated by
pro-inflammatory cytokines such as TNF-a, IFN-
v, and IL-1p. This regulatory mechanism consists of
inhibiting mRNA expression of occludin gene by
IFN-y and TNF-a and enhancing mRNA expres-
sion of the myosin light chain kinase (MLCK) gene
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by TNF-a and IL-1B.”%”" Through this mechanism,
reducing component proteins of tight junction, and
contraction of myosin II in epithelial cells by phos-
phorylation of myosin light chain protein with
MLCK, cause the barrier loss.”> Therefore, TNF-a
and MLCK are thought to be therapeutic targets for
barrier dysfunction of epithelial tight junction.”” In
this study, treatment of AOM/DSS to normal mice
caused inflammation in the epithelial cells, releas-
ing pro-inflammatory cytokines such as TNF-q,
IFN-y, and IL-1P. These cytokines are responsible
for the reduction of component proteins of tight-
junction systems such as MUC-2 and TFF3 in the
mucus layer and reduction of occludin and ZO-1 in
the tight junction, suggesting barrier loss.
Subsequent administration of LG/CT/FCT to
these damaged mice with barrier loss showed
rapid increases in mRNA and protein levels to
overcome this barrier loss by recovery of mucus
layer and tight junction, suggesting that LG, CT,
and FCT can recover the AOM/DSS-induced CAC
mice (Figure 3(a-b)).

Apoptosis is a programmed cell death event
caused by cell changes, such as blebbing, morpho-
logical change, cell shrinkage, chromatin condensa-
tion, apoptotic DNA fragmentation, and mRNA
decay.”> While cancer cells avoid the apoptosis for
carcinogenesis, apoptosis may be a process for sup-
pression and even death of cancer cells.”* The
tumor suppressor protein p53 plays an important
role in triggering apoptosis by up-regulating the
pro-apoptotic BCL2-associated X protein (Bax).”
This Bax protein induces opening of the mitochon-
drial voltage-dependent anion channel, indicating
the induction of mitochondrial outer membrane
permeability. This induced permeability helps
release cytochrome C and other pro-apoptotic pro-
teins, as well as activating caspases. Finally, they
enhance p53-mediated apoptosis in cancer cells.”®
However, B-cell lymphoma 2 (Bcl-2) in mitochon-
drial outer membrane promotes cell survival and
inhibits the action of pro-apoptotic proteins to
regulate apoptosis.”” In addition, B-cell lymphoma-
extra-large (Bcl-xL) is a transmembrane molecule
in mitochondria, which reduces mitochondrial
outer membrane permeability to block the release
of cytochrome C and pro-apoptotic proteins.”®
Therefore, Bcl-2 family proteins contribute to cell
survival by anti-apoptosis. In addition, the cyclin-
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dependent kinase inhibitor 1 (p21) protein is
induced by p53 protein, and it inhibits the activities
of cyclin/CDK complexes. In particular, p21 bind-
ing to CDK2 suppresses cancer cell proliferation
and arrests them in the G1 phase.”” Therefore,
p53 protein induces cancer cell apoptosis by Bax,
cytochrome C, and caspases, and inhibits cancer
cell proliferation by inducing p21. In this study,
AOM/DSS treatment of normal mice inhibited
P53, p21, and Bax significantly, but this treatment
increased Bcl-2 and Bcl-xL production, suggesting
suppression of apoptosis and enhancement of cell
proliferation,  probably for  carcinogenesis.
However, subsequent administration of LG/CT/
FCT revealed the opposite result, suggesting anti-
carcinogenesis (Figure 4(a-b)). Therefore, this
result suggests that LG, CT, and FCT can reduce
intestinal carcinogenesis caused by AOM/DSS
treatment in mice.

The nuclear factor k-light-chain-enhancer of acti-
vated B cells (NF-xB) is a heterodimer protein con-
sisting of RelA (p65) and p50 proteins. It regulates the
transcription of specific genes associated with cell
proliferation for survival.** Under normal conditions,
the NF-«kB/IkBa complex is in cytoplasm, and IkBa
inhibits NF-kB activity. Once extracellular signals
activate IxB kinase (IKK), IkBa is phosphorylated by
IKK, activating NF-«kB. The activated NF-kB moves
into the nucleus and binds to a response element
(RE), specific DNA sequences in the chromosome.
Binding of RE-bound NF-«kB with a coactivator and
RNA polymerase initiates specific gene transcription,
associated with cell proliferation.®’ In the case of
cancer cells, NF-«B is constitutively active, indicating
that it expresses genes for cancer cell proliferation and
protecting them from apoptosis. Therefore, suppres-
sion of NF-kB and activation of IkBa are important
factors for preventing cancer cell proliferation.** In
the Wnt pathway, Wnt signaling initiates P-catenin
phosphorylation by casein kinase 1 (CK1) and glyco-
gen synthase kinase 3 beta (GSK3p). This Wnt signal-
ing stimulates [-catenin accumulation in the
cytoplasm; the accumulated p-catenin is then translo-
cated into the nucleus. It promotes the transcription
of specific genes involved in the production of cancer
proteins.*»** In particular, the adenomatous polyposis
coli and B-catenin were suggested to be the key genes
involved in CRC development.®” Therefore, $-catenin
has been suggested as a therapeutic target for

suppressing cancer cell proliferation.* In this study,
AOM/DSS treatment increased -catenin and NF-«xB
but reduced IkBa. However, LG/CT/FCT administra-
tions significantly suppress -catenin and NF-kB pro-
duction but promote IkBa production (Figure 4(c-
d)). Consequently, inhibiting B-catenin and NF-«xB
and promoting IkBa by LG, CT, and FCT may sup-
press carcinogenesis and cancer cell proliferation by
inhibiting cancer-associated gene transcription.

Cancer development has been suggested to be con-
nected with the intestinal gut microbiota.”” Previous
papers reported that chronic inflammation and intest-
inal epithelium disruption might be associated with
infection from pathogens and dysbiosis in gut
microbiota.**®” However, these diseases can be recov-
ered to a normal state via treatment with probiotics
and/or prebiotics.”>”" This microbiome study showed
that changes in gut microbiota composition were
caused by feed change, AOM/DSS treatment, and
LG/CT/FCT administrations. Feed change with
AIN-76 modified overall gut microbiota composition
between Weeks 1 and 6 (Figure 5(a)). In addition,
AOM/DSS treatment of normal mice for the develop-
ment of AOM/DSS-induced CAC mouse model
increased Staphylococcus composition in Weeks 6
and 11 (Figure 5(a)). In these periods, administration
of LG, CT, and FCT to this mouse model reduced this
genus but increased Lactobacillus, Bifidobacterium,
and Akkermansia, suggesting suppression of pro-
inflammatory Staphylococcus and promotion of anti-
inflammatory beneficial bacteria. This result is con-
sistent with a previous observation of colonic cancer
development in the AOM/DSS group and colonic
cancer suppression in the LG/CT/FCT groups. In
addition, an immune response assay of pro- and anti-
inflammatory cytokines, and an apoptosis assay of
several pro- and anti-apoptotic factors, substantiate
this. Furthermore, gradual increases in SCFAs during
the test periods suggest the recovery of AOM/DSS-
damaged gut microbiota in AOM/DSS-induced CAC
mice by LG, CT, and FCT (Figure 6).

This study was performed in vivo to extend our
understanding of synbiotics’ anticancer eftects (LG,
CT, or FCT) in the CAC mice model. Colon observa-
tion after AOM/DSS treatment showed loss of body
weight, reduced colon length, development of tumor
cells, and destruction of mucosal epithelial layers
(Figure 1(b-f)). However, administration of synbio-
tics revealed the recovery of damaged gut by AOM/



DSS. To understand these phenomena, many biomar-
kers associated with inflammation, colon barrier,
apoptosis, and cancer cell proliferation were moni-
tored in the AOM/DSS group and the LG/CT/FCT
groups. The immune response experiment showed
that pro-inflammatory cytokines (TNF-a, IFN-y, IL-
13, and IL-6) and inflammation-associated enzymes
(iNOS and COX-2) were down-regulated, and anti-
inflammatory cytokines (IL-4 and IL-10) were up-
regulated, by FCT administration in AOM/DSS-
induced CAC mice. In addition, a colon barrier
experiment revealed that all biomarkers of mucus
layer (MUC-2 and TFF3) and tight junction (occludin
and ZO-1) were up-regulated by FCT administration.
An apoptosis experiment showed that pro-apoptotic
factors (p53, p21, and Bax) were up-regulated and
anti-apoptotic factors (Bcl-2 and Bcl-xL) were down-
regulated in the FCT group. In addition, a cancer cell
proliferation experiment revealed that transcription
regulators (B-catenin and NF-xB) were down-
regulated but the transcription inhibitor (IkBa) was
up-regulated in the FCT group. These results are
summarized in Figure 7. Furthermore, comparative
metagenome analysis of gut microbiota and subse-
quent SCFA analysis were also consistent with these
results. Consequently, all results in this study with
FCT indicate that they can reduce inflammation and
carcinogenesis in gut-damaged mice by AOM/DSS
treatment and even recover dysbiosis of gut micro-
biota. Accordingly, these results suggest that FCT has
an anticancer effect in CRC through the regulation of
several colon cancer-related signaling markers and
gut microbiota, and it could be a natural preventive
agent against inflammation-associated  colon
tumorigenesis.

Materials and Methods
Preparation and characterization of fermented milk

C. tricuspidata leaves were obtained from the local
market (Sunchang, Jeollabuk-Do, Korea). L. gasseri
505 (LG) was selected as the probiotic strain
because it has clear probiotic effects.'* The extract
of C. tricuspidata leaves (CT) and the synbiotic
combination as fermented milk containing CT by
L. gasseri 505 (FCT) were prepared using our pre-
vious methods."”
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Animal model of AOM/DSS-induced colorectal
cancer

Male C57BL/6 mice (8-week old) were purchased
from Samtaco Bio Korea (Osan, Korea). The ani-
mals were maintained at 22 + 2°C and 55 + 5%
relative humidity with a 12-h light/dark cycle.
Feed (AIN-76; DooYeol Biotech, Seoul, Korea)
and water were supplied ad libitum. After a seven-
day adaptation period, mice were randomly allo-
cated to five groups (n = 10/group): an untreated
normal control group (only PBS treatment), an
AOM/DSS control group (only AOM/DSS treat-
ment), an LG group (AOM/DSS treatment and
L. gasseri 505 (10° CFU/kg/day)), a CT group
(AOM/DSS treatment and C. tricuspidata leaf
extract-supplemented milk (1.5 g/kg/day)), and
an FCT group (AOM/DSS treatment and
C. tricuspidata leaf extract-supplemented milk fer-
mented with L. gasseri 505 (1.5 g/kg/day)). To
induce colon carcinogenesis using AOM and
DSS,” mice were intraperitoneally (i.p.) injected
with 10 mg/kg AOM (Sigma-Aldrich) at the start
point of Week 1 and then received 2.5% DSS
(Sigma-Aldrich) in their drinking water
every day for 1 week, followed by regular drinking
water for next 2 weeks to allow for recovery. While
AOM administration was performed only one
time during Week 1, DSS administration was
repeated three times for whole test periods
(Weeks 1-2, 4-5, and 7-8) (Figure 1(a)). The
feeding study was performed for 10 weeks after
a one-week adaptation period. Body weights were
measured every week during the study. The mice
were euthanized at Week 11, and their colons were
excised. After the colons’ lengths were measured,
they were washed with PBS and cut open long-
itudinally. The gross tumors were quantified. The
colon was severed longitudinally into two pieces.
One-half of the colon was fixed in 10% neutral-
buffered formalin (Sigma-Aldrich) and used for
hematoxylin and eosin (H&E) staining. The
other half was stored in liquid nitrogen for later
extraction and real-time PCR, enzyme-linked
immunosorbent assays (ELISA), and Western
blot analyses. All experiments involving mice
were approved by the institutional animal care
and use committee of Korea University (Seoul,
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Figure 7. The result summary of AOM/DSS treatment and FCT administration in the mouse model showing that FCT administration to
AOM/DSS-induced CAC mouse has regulatory effects on reduction of inflammation, recovery of colon barrier, and enhancement of

tumor cell apoptosis, indicating the anticancer effect.

Korea; approval number KUIACUC-2016-182)
and conducted in accordance with Care and Use
of Laboratory Animals guidelines.

Histopathological analysis

Fixed colon segments were embedded in paraffin
using standard procedures, and 5-um sections were
stained with H&E.”* Colon tissues were examined
and imaged using an Olympus CKX41 microscope
(Tokyo, Japan) equipped with a Canon EOS 600D
camera (Tokyo, Japan).

Detection of cytokine levels

For the ELISAs for TNF-a, IFN-y, IL-1p, IL-6, IL-4,
and IL-10, colon tissue samples were homogenized in
standard RIPA buffer (Invitrogen) supplemented with
a protease inhibitor cocktail (Roche). The lysates were
centrifuged at 13,000 x g at 4°C for 30 min, and the
supernatants were collected. Colonic cytokine levels
were determined using the appropriate ELISA Kkits
(ELISA MAX Deluxe Sets; BioLegend) according to
the manufacturer’s recommendations. Optical densi-
ties were measured at 450 nm, subtracting the back-
ground measured at 570 nm.



Western blot analysis

The total protein concentration of the colon homo-
genate supernatant was determined with a BCA pro-
tein assay kit (Thermo Scientific). Protein samples
(10 pg) were fractionated by electrophoresis on 12%
SDS-polyacrylamide gels and transferred to a PVDF
membrane, using the Trans-Blot Turbo™ Transfer
System (Bio-Rad). The membranes were blocked
with 5% skimmed milk in wash buffer (0.1% Tween-
20 in TBS; TBST) for 1 h, and then incubated with
primary antibody overnight at 4°C. Following this, the
blots were incubated with the appropriate horseradish
peroxidase (HRP)-conjugated secondary antibody for
1 h at room temperature. The antibodies used in this
study are listed in Table S1. After washing, the mem-
branes were visualized, using an enhanced chemilu-
minescence (ECL) substrate (Bio-Rad), and imaged
using the Bio-Rad ChemiDoc MP imaging system.
Western blot bands were quantified using Image] soft-
ware (National Institutes of Health).

Total RNA extraction and quantitative real-time PCR

Total RNA was extracted from colon tissues, using
TRIzol reagent (Invitrogen) following the manufac-
turer’s instructions. RNA was quantified using
a NanoDrop 2000 spectrophotometer (Thermo
Scientific) prior to cDNA synthesis using a first-
strand cDNA Synthesis Kit (LeGene). Quantitative
real-time PCR was performed with the StepOnePlus
Real-Time PCR System (Applied Biosystems), using
the KAPA SYBR FAST qPCR Kit (Kapa Biosystems).
Primer sequences are listed in Table S2. Real-time
PCR data were analyzed by the 27**“* method,”
normalizing readings to that of GAPDH.

Microbial community analysis using PacBio system

To elucidate the gut microbiota composition, PCR
amplification of whole-length 16 S rRNA gene was
performed with total fecal DNA and 27 F/1492 R
universal primer set.”* Gel-purified 16 S rRNA PCR
products were randomly sequenced by ChunLab
(Seoul, Korea) using the PacBio system with its stan-
dard manufacturer’s protocol. After sequencing
a quality check of raw reads, primer regions in the
reads were trimmed with ChunLab’s in-house pro-
gram at a similarity cut off 0.8. The EzTaxon database
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is used for taxonomic assignment using BLAST algor-
ism, and bacterial community and statistical analyses
were performed using QIIME 1.9.1.7>%

Fecal short-chain fatty acid (SCFA) analysis

Feces were collected immediately following defeca-
tion, transferred to cryotubes, and snap-frozen in
liquid nitrogen. The frozen samples were ground,
and the fecal SCFA content was determined by gas
chromatography coupled to a mass spectrometer
(GC-MS), as previously reported.””

Statistical analysis

All data are expressed as means + SD. Statistical sig-
nificance was assessed by Duncan’s multiple range
test. SAS software version 9.2 (SAS Institute Inc.)
was used to perform all statistical tests. P < .05 was
considered statistically significant. Pearson’s correla-
tion was analyzed to investigate the relationships
between relative abundance of fecal microbiota and
cancer-associated markers.
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